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1) The T270H chlorotic mutant: Inheritance and linkage analysis . 
An unusual chlorotic mutant that is variably viable was found in 1977 . 
Preliminary inheritance data and phenotypes of the mutant were described by 
Stelly, Muir and Palmer in 1979. Combined F2 plant and F3 family analyses 
suggested monogenic recessive inheritance of the chlorotic phenotype . Cer-
tain environments, particularly greenhouse environments, seemed to favor 
viability and nonchlorosis of homozygous mutant genotypes . We report herein 
results of inheritance and linkage tests of this mutant with K1 , w1 , and T1 . 
F2 and some F3 plants were classified as green (Y -) or chlorotic (y y) 
and/or for flower color (w1 ), saddle pattern (k1 ) and pubescence color (T1 ) . 
F3 families for F2 Y - plants were classified as nonsegregating or segregat-
ing, corresponding to inferred genotypes of F2 parents; e . g ., Y Y and Y y , 
respectively. Overall , plant and family segregation data support the conclu-
sion that a recessive allele determines the chlorotic phenotype (Table 1). 
Heterogeneity among population-year combinations was evident, however, par-
ticularly between 1978 and 1981 - w1 K1 Y populations , wherein significant 
deficiencies and excesses of chlorotic mutants were observed, respectively. 
Homogeneity for plant segregations among families within year-populations , 
however, was acceptable; e.g ., 1981 - W1 K1 Y population heterogeneity x2 = 
17 . 88, 15 df (p = 0.25 - 0.50), when expected segregations were adjusted for 
overall segregation . Effects of environment and perhaps other factors (e . g ., 
background genotype) may have added variation to plant-plant classification 
data . 
Data from classifications of F3 families for nonsegregation : segregation 
strongly supported the hypothesis of monogenic recessive inheritance, espe-
cially in that the data were very homogeneous across year-population combina-
tions (Table 1, combined 3 , 6, 7). Family classifications, of course, are 
much less subject to error resulting from e nvironmentally induced miscalcula-
tions . 
Two-factor linkage tests of 1981 w1 T1 Y and 1982 w1 x1 Y populations 
(data in Table 2) were made to detect nonindependent assortment of Y-K1 , Y-w1 , 
K1 -w1 , Y-T1 and W1-T loci. In essence, two tests were made for linkage be-
tween the Y locus ana K1 , w1 , and Tl loci, and between W~ and Kl loci . Each 
test of monogenic ratios (Table 3) of x1 , w1 , and T1 loci is confounded with 
a test of linkage, since selective recovery of alleles would accompany selec-
tion of the inunediate Y - parent if loci were linked . For example , self- seed 
from only K1 - Y - F2 plants were used for r 3 family analysis . Selection of 
Y - F2-plant self-progeny for F
3 
family analysis , o[ course , would have con-
slituted inadvertent selection of a k 1 allele if k1 and Y were linked (re-
pulsion). Deviation from 3:1, i.e ., excess k 1 k1 , would have indicated link-
age between Y and x
1 
loci. 
Table 1. Genotypic classification data and x2 tests for a chlorot ic mutant in soybean 
Unit of Observed incidence Popula- classifi- Ratio x2 Homogeneity 
No. Year tion cation y -: y y Y Y :Y y tested (Probability) x2 , df (Probability) 
1. 1977 F t 2 Plant 92:34 3:1 0.27(0.5- 0. 7) 
2. 1978 F3 Plant 1118:327 3 :1 4 . 33(0 . 025-0.05) 34.3305, 36 df (0.5-0.75) ttt 
3 . 1978 F tt 3 
Family 11 :37 1 : 2 2.34(0 .1-0 . 25) 
4 . 1980 F2 Plant 179:59 3:1 0 . 01(0 . 9-1. 0) 0 .13, 1 df (0 . 9-1.0) 
5 . 1981 F2 Plant 1213 :472 3 :1 8 .15(0.0- 0 . 05) 17.88, 15 df (0 . 25- 0 . 5) t tt 
6 . 1981 F tt 2 Family 55:120 1:2 0 . 29(0.5- 0.75) 
7. 1982 F tttt 3 Family 201 : 399 1:2 0 . 01(0 . 9- 1.0) 
~ 
~ 
0 
Combined 1, 2, 4, 5 Plant 2602:892 0 . 52(0 . 25- 0.5) 71. 35, 55 df (0 . 05- 0 .1 ) 
Combined 3, 6, 7 Family 267:556 0 . 294(0 . 5-0 . 75) 2.34, 2 df (0 . 25-0 . 5) 
t 
Mutant originally detected in this family. 
ttF 
3 family analysis of F2 Y-plants . 
ttt Adjusted for overall Y- y distribution . 
ttttF 
3 
family analysis of F2 
Y- k1-plants. 
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Table 2. Genotypes of F
2 
plants (1981 w1 K1 Y plant analysis) 
y - y y 
K -1 
911 472 
kl kl 302 
1982 w
1 
K
1 
Y: Genotypes of (K
1 
- Y -) F2 plants 
(1982 w1 - K1 - Y- F 3- family analysis 
y y y y 
wl wl 21 44 wl wl 33 
wl wl 33 50 wl wl 77 
wl wl 27 26 wl wl 29 
1981 w
1 
T
1 
Y: Genotypes of (Y -) F2 plants 
(1981 w1 - T1 - Y- F3- family analysis 
y y y y 
wl wl 4 6 2 wl wl 7 
wl wl 10 16 2 wl wl 25 
J 8 4 
I 
wl wl 10 
59 
131 
70 
12 12 
16 13 
16 9 
Table 3. Tests for random recovery of linkage test allelest 
Locus 
K t 
1 
K t 
1 
w t 
1 
Year 
1981 
1982 
1981 
Population 
F
3 
from x1 -Y-
F2 plants 
F3 from Y -
Y- K
1
-F
2 
plants 
F3 from Y -
F2 plants 
Classification 
F
2 
genotype 
F2 genotype 
Families: T
1
T
1
:T
1
t
1
:t
1
t
1 
F
2 
genotype 
Observed 
incidence 
911 :302 
220 : 380 
200:373:202 
59:74 :42 
Ratio x2 
tested (Probability) 
3 :1 0.001 
1:2 
1: 2: 1 
1:2:1 
(0 . 9-1.0) 
3 .000 
(0.05- 0.01) 
1.095 
(0.5-0.75) 
7.469* 
(0 . 01- 0 . 025) 
Homogeneity 
x2 , df 
(Probability) 
15.87, 15 
(0.25- 0 . 5) 
o. 779 , 2 
(0 . 5-0 . 75) 
t Due to confounding, these tes t s are for random recovery of alleles; effects of nonrandom vs. noninde-
pendent assortment are not separable in these populations . See text for explanat ion. 
,_. ,_. 
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Table 4. Linkage tests* 
Independence 
x2 
tested df (Probability) 
K - Y -1 1 1. 815 (0.1- 0.25) 
W -Y -1 2 4 . 524 (0 . 1-0.25) 
K -W -1 1 2 0.472 (0 . 75-0 . 90) 
y - T -
t 
2 5.390 (0.05- 0.1) 1 
W -T -
t 
4 11. 060 (0.025-0.05) 1 1 
* Additional tests of linkage are provided by 
since only populations segregating for Y y or Y 
and classified. 
Homogeneity 
x2 , df (Probability) 
3.969 , 2 , (0.1- 0 . 25) 
tests of monogenic ratios 
y and K
1 
k
1 
were grown 
t 
Expected values adjusted according to overall T
1 
t
1 
segregation . 
Table 5. Comparison of observed assortment to bias expected from linkage effects* 
T
1
T
1
YY Tl tl yy t 1
t
1
YY T
1
T
1
Yy Tl t 1 Yy 
t
1
t
1
Yy 
Observed 17 30 8 42 44 34 
(T 
1
- adjus ted) expected 19.67 24 . 67 14 39 . 33 49.33 28 
deviation - 2. 7 +5 . 3 - 6 +2 . 7 - 5 . 3 +6 
Gamete combinations* Co+ co+ NCO+ co+ (NCo+ co+ 
co NCO NCO NCO NCO) NCO 
(CO+ 
CO) 
Calculated frequency 0 . 55 (unlinked) 
of CO products** 
*CO = gamete with crossover produc t, NCO = gamete with non- crossover product; given linkage NCO and 
CO products should have been excessive and deficient , respectively . 
**Maximum likel ihood equation solved by iterative approximation, since the pre- and post- differential 
equa tions are complex polynomials. 
...... 
...... 
.I:'-
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The second test of each linkage combination was a traditional test o( 
independent assortment (Table 4) . Because analysis of monogenic T1 t 1 segre-
gation indicated significantly nonrandom T1-allele recovery (Table 2), ad-
justed expectations were used to generate expected frequencies of genotypic 
classes and, t hereby, to obtain unbiased tests of independence for the T1 
locus with Y and w1 loci. 
No nsignif icant x2 values for independent assortment were compatible with 
the hypothesis of nonlinka~e between K1 , w1 , and Y loci . Marg i nally signif-
ican t and nonsignifican t x values for independenc~ between w1 and T1 , and 
Y and T1 loci were obtained , so data were examined for bias expec t ed if 
linkage were presen t . In neither case did linkage explain observed devia-
tions from results expected under· the hypothesis of independent assortment . 
For example , observed deviations in T-Y segregations did not correspond to 
the directions of deviations expected from repulsion linkage (Table 5) . 
Fur t hermore, cal culat ed f r equencies of cross-over products approximated 0.5 
(e . g ., 0 . 55 for T-Y and 0 . 58 for T-W). 
We conclude, therefor e, that w1 , T1 , and the Y loci ar e unlinked, as 
are w1 , K1 , and Y loci. Our interpretations are co~.patible with previous 
assignments of T1 and w1 loci to different linkage groups , 1 and 8, respec-
tively . Furthermore , K1 has not been found linked to alleles of linkage 
groups 1 or 8 . 
In swmnary, the chlor osis described is determined by a single recessive 
allele. Linkage between the Y locus and K1 , w1 , and T1 was not detected. 
We plan to tes t al l elism of t h is chlorotic mutant with phenotypicall y similar 
mu tant(s) of t he Soybean Gene t ic Type Collection . 
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